A gene coding for bile salt hydrolase (BSH) from Bifidobacterium adolescentis was cloned and expressed in Escherichia coli, and the nucleotide sequence was determined. The BSH of E. coli transformants was produced intracellularly in the absence of bile salts. A unique bsh promoter (P bsh ) sequence was identified by using a Neural Network Promoter Prediction (NNPP, version 2.2). In spite of their high-level sequence homology with other bsh genes in the Bifidobacterium species, their genetic organization surrounding the bsh gene and their promoter sequences are different depending on the species.
Introduction
Bifidobacteria are one of the most predominating microflora in gastrointestinal (GI) tract of human, and they have been proposed to exert some health-promoting effects to the host (Ballongue 1998) . One of the most important enzymatic activities of GI microbes including bifidobacteria is the deconjugation of bile salts and this occurs naturally in the intestinal tract of human and animal. Bile salt hydrolase (BSH, EC 3.5.1.24), which is an enzyme that catalyzes the hydrolysis of glycine-and/or taurine-conjugated bile salts into amino acid residues and free bile acids, is widely detected from many gastrointestinal microbes including Bacteroides fragilis spp. fragilis (Stellwag & Hylemon 1976) , Clostridium perfringens (Gopal-Srivastava & Hylemon 1988), Enterococcus spp. (Knarreborg et al. 2002) , Lactobacillus spp. (Tanaka et al. 1999) , and Bifidobacterium spp. (Grill et al. 1995 , Kim et al. 2004a . Interestingly, most of the strains from the genus Bifidobacterium possess higher BSH activity than other bacterial groups. In spite of this wide distribution and high activity of BSH enzyme in bifidobacteria, only two BSHs have been cloned and characterized from B. longum (Tanaka et al. 2000) and B. bifidum (Kim et al. 2004b) . Since BSH activity is common phenotypes from the genus Bifidobacterium and there is a high level of homology within the same species (Kim et al. 2004b) , further investigation of the bsh genotypes from other species of Bifidobacterium might be useful for the development of new phylogenetic markers for the genus Bifidobacterium. In this paper, we describe the cloning, sequencing, and characterization of a bile salt hydrolase from B. adolescentis ATCC 15705.
Materials and methods
Bacterial strains, plasmids, and culture conditions Bifidobacterium adolescentis ATCC 15705 was used as a source of BSH gene. Escherichia coli DH5a was used as a host; pUC19 was used as a cloning vector, and pDrive (Qiagen) was used as a subcloning vector for DNA sequencing. B. adolescentis 15705 was propagated anaerobically at 37°C in deMan, Rogosa, Sharpe broth (Difco, Detroit, Mich.) supplemented with 0.05% (w/v) cysteine HCl. E. coli cells were propagated at 37°C in Luria-Bertani (LB) broth with vigorous shaking or on LB medium solidified with 1.5% agar. When appropriate, 200 lg ampicillin ml )1 and 40 lg kanamycin ml )1 were added.
Assay of BSH activity
BSH activity in cell-free extracts (CFEs) was measured by the hydrolysis of sodium taurocholate (TC) and/or sodium glycocholate (GC) (Sigma) at 37°C in sodium phosphate buffer (0.1 M, pH 6.5). The amounts of the amino acids released from conjugated bile salts were measured by the ninhydrin assay (Kim et al. 2004a) . One unit of BSH activity was defined as the amount of enzyme that liberated 1 lmol of amino acids from the substrate per min. Specific activity was defined as units per mg of protein.
Cloning of the bile salt hydrolase gene Bifidobacterium genomic DNA was isolated according to the previous paper (Kim et al. 2004b) . The isolated chromosomal DNA was digested with the restriction enzyme PstI and ligated to the pUC19 vector that had been restricted with PstI and dephosphorylated. The ligation mixture was transformed into E. coli DH5a competent cells to create a plasmid library. The transformed E. coli was plated on LBGCT medium (LB agar plates containing 1% glucose, 0.035% CaCl 2 , and 3 mM taurodeoxycholic acid) and BSH-positive clones were detected based on the formation of deoxycholate precipitate around the colony (Coleman & Hudson 1995) .
DNA sequencing and sequence analysis
The nucleotide sequences were determined by AmpliTaq FS DNA polymerase fluorescent dye terminator reactions using an Applied Biosystems 373 stretch automated sequencer (Applied Biosystems Inc., Foster city, Calif.). The predicted open reading frames (ORFs) were translated into putative proteins that were submitted to BLASTP analysis and protein homology searches were performed with the BLAST at the website of the NCBI (http://www.ncbi.nlm.nih.gov). The secondary structure of the putative transcription termination sequence was predicted using the Mfold web server (Zuker 2003 ) and the free energy of this structure was determined using the web server (http://www.bioinfo.rpi.edu/applications/mfold/old/rna/energy/form1.cgi) (Mathews 1999) . Promoter sequences were predicted by using a Neural Network Promoter Prediction program according to the previous paper (Kim et al. 2004b ). The bsh nucleotide sequence for B. adolescentis strain has been deposited in the GenBank database under accession number AY941202.
Results and discussion
Cloning and sequencing of the B. adolescentis BSH gene
Among other strains of bifidobacteria, B. adolescentis ATCC 15705 was selected to be the subject of the cloning experiments due to the high level of BSH activity in this strain. From the previous PCR cloning experiment, using the primers based on the B. longum bsh (Tanaka et al. 2000) and B. bifidum (Kim et al. 2004b ) sequences, no PCR product was obtained (data not shown). To identify the gene(s) encoding the BSH enzyme, a PstI-digested genomic library for B. adolescentis ATCC 15705 was created in pUC19 and screened in E. coli DH5a cells. Two positive clones were identified by the white precipitate around the colonies on the selective medium supplemented with 200 lg ampicillin ml )1 , and were designated pBSH1 and pBSH2. Preliminary restriction enzyme analysis and sequence analysis revealed that two clones contained the same 4.2-kb insert with the opposite direction (Figure 1 ). Using the XhoI site of the insert in pBSH2, we constructed two subclones, pBSH21 (2.6-kb insert) and pBSH22 (1.6-kb insert) in pDrive vector (Figure 1) , with pBSH21 showing BSH activity. The 2.6-kb insert of pBSH21 was then completely sequenced on both strands.
Sequence analysis of the 2580-bp insert revealed two partial ORFs and one complete ORF encoding a 316-amino-acid protein (Figure 2) . The deduced protein of the complete ORF had a theoretical molecular mass of 34 993 Dalton and a pI of 4.61, which were close to the biochemical data obtained from the previously purified enzymes (Kim et al. 2004a ).
Sequence comparison and homology studies with known BSHs
The predicted ORF of 951 bp displayed 87% and 84% DNA sequence identity, and 90% and 89% amino acid sequence identity to BSHs of B. longum SBT2928 (Tanaka et al. 2000) and B. bifidum ATCC 11863 (Kim et al. 2004b) , respectively. High similarities were also found to the BSH enzymes of several Lactobacillus strains (45-35% identity) (GenBank accession numbers AAS08038, AAC34381, AAV42751, AAA25233) as well as Enterococcus strains (37-35%) (GenBank accession numbers AAP20760, AAK67262), L. monocytogenes (36%) (Dussurget et al. 2002) , C. perfringens (36%) (Coleman & Hudson 1995) , and penicillin V amidase (PVA) of Bacillus sphaericus (28%) (GenBank accession number A25559). A homology analysis of BSH and PVA revealed that the five amino acids at the proposed active site of PVA (Suresh et al. 1999) are highly conserved in all BSH (Figure 3 ). In addition, four conserved amino acid motifs, FGRNXD, AGLNF, VLTNXP, and GXGXGXXGXPGD around active sites were highly conserved within all BSH proteins studied.
Partial ORFs identified flanking the bsh gene of B. adolescentis showed high level of sequence similarities to those found in other Bifidobacterium genomes; the upstream ORF shared 91% similarity over 150 residues to a metaloendopeptidase Gcp (GenBank accession number AAN25252) and the downstream ORF shared 50% similarity over 110 residues to a MerR-type transcriptional regulator (GenBank accession number AAN24129) of B. longum NCC2705. However, this genetic organization of the B. adolescentis bsh gene and the surrounding region were not conserved when compared with those of B. longum (Tanaka et al. 2000) and B. bifidum (Kim et al. 2004b) . 
Characterization of the bsh transcriptional components
Regardless of the opposite orientation of the inserts and the different vectors, no significant difference was observed in their expression levels among the cells containing the three plasmids, pBSH1, pBSH2, and pBSH21. This finding suggests that the bsh gene on these plasmids could be transcribed by its own regulatory components, which was reported previously in the B. bifidum bsh gene (Kim et al. 2004b) . Using Neural Network Promoter Prediction (NNPP, version 2.2), a putative bsh promoter (P bsh ) sequence was predicted with a higher score value (0.94) than those of B. bifidum bsh (0.39) and B. longum bsh (0.19) ( Table 1) . Even though the potential )35 (TTTTCA) and )10 (CATTTT) regions of the P bsh showed low similarities to the regions of the consensus promoter sequence, the spacer (17 nt) between the region spanning )35 and )10 was exactly in the range of the consensus promoter sequences, which were reported to be 17 ± 1 nucleotides (Harley & Reynolds 1987 , McCracken & Timms 1999 . Furthermore, the TG motif upstream of the )10 hexamer was present in this promoter sequence, which was not the case in the bsh promoters of B. bifidum (Kim et al. 2004b) and B. longum (Tanaka et al. 2000) . This is the first report on the TG motif found in any other promoter sequences from the genus Bifidobacterium. Relative high BSH activity of the positive clones in this study was possibly due to the bsh promoter sequence, which has high similarities to the consensus promoters and as a result, this promoter could be efficiently recognized by the vegetative RNA polymerase in E. coli cells. Even though further experiments are required to establish the strength of this promoter in E. coli as well as in Bifidobacterium host systems, this promoter sequence could be a good candidate as a promoter component for the construction of the Bifidobacterium-E. coli shuttle vector. A putative rho-independent type transcription terminator sequence (DG = )29.3 Kcal mol )1 at 25°C) was recognized 10 nucleotides downstream of the stop codon of the bsh gene (Figure 2) , indicates that the bsh gene of B. adolescentis is transcribed as a monocistronic unit. While some polycistronic bsh transcripts have been reported from L. johnsonii (Elkins & Savage 1998) and B. longum (Tanaka et al. 2000) , monocistronic bsh transcripts are more common features in many other bacterial groups including L. plantarum (Christiaens et al. 1992) , C. perfringens (Coleman & Hudson 1995) , L. monocytogenes (Dussurget et al. 2002) , and B. bifidum (Kim et al. 2004b ).
Conclusion
In this paper, we report the cloning and sequence analysis of a new bile salt hydrolase gene from a Sequences obtained from B. adolescentis ATCC 15705, B. bifidum ATCC 11863 (Kim et al. 2004b) , and B. longum SBT2928 (Tanaka et al. 2000) . Score indicates the fitness value to the consensus promoter sequences when predicted by using a Neural Network Promoter Prediction (NNPP, version 2.2). B. adolescentis ATCC 15705. Two bsh genes have been cloned and characterized previously, including the bsh genes from B. longum and B. bifidum strains. This study presents another bsh gene from a B. adolescentis strain. The genetic information presented in this paper could be useful to extend our knowledge on the genetic diversity of the genus Bifidobacterium and might provide a new genetic marker for the phylogenetic study. Further studies on the genetic analysis of the bsh gene in the Bifidobacterium would be of great importance in gaining a better understanding of the physiological role of the BSH activity for the animal host and BSH-producing microorganisms in their GI tracts.
